(19) 



(12) 




Europdisches Patentamt 
European Patent Office 
Office europ^en des brevets 



(43) Date of publication: 

20.03.1996 Bulletin 1996/12 



(11) EP 0 702 347 A1 

EUROPEAN PATENT APPLICATION 

(51) Int Cl.«: G09G 3/32 



(21) Application number: 95111247.3 

(22) Date of filing: 18.07.1995 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 18.07.1994 JP 165337/94 

(71) Applicant: KABUSHIKI KAiSH A TOSHIBA 
Kawasaki-Shi, Kanagawa-lcen 210, Tokyo (JP) 



(72) Inventor: Takahasalii, Nozomu 
Ayase-shI, i<anagawa-ken (JP) 

(74) Representative: Lehn, Werner, Dipl.-lng. et al 
Hoffmann, Eitle & Partner, 
PatentanwSlte, 
Arabellastrasse 4 
D-81925 Munchen (DE) 



(54) Dot-matrix LED display and method of adjusting brightness of the same 



(57) A dot-matrix LED display device has an LED 
array (1) with a dot matrix of LEDs (1a), a matrix driver 
unit (3) for driving the LEDs, and a control unit (4) for 
controlling the matrix driver unit. The display device has 
a data storage unit for storing brightness-corrected data 
prepared according to the characteristic brightness of 



each of the LEDs, selects the brightness-corrected data 
stored in the data storage unit according to externally 
provided display data, and drives the LEDs according to 
the selected brightness-corrected data. This anrange- 
ment minimizes brightness difference among the LEDs 
due to fluctuations in the characteristics of the LEDs. 
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Description 

BACKGROUND OF THE INVENTION 

1 ■ Field of the Invention 5 

The present Invention relates to a dot-matrix LED 
display device employing a matrix of LEDs (light emitting 
diodes) and a method of adjusting the brightness of the 
LEDs. 10 

2. Description of the Prior Art 

Dot-matrix LED display devices among other kinds 
of display device are relatively long life and easy to pro- is 
vide a large screen panel. Due to these advantages, they 
are widely used. Figure 1 is a block diagram showing a 
dot-matrix LED display device according to a prior art, 
employing red and green LEDs. An LED aray 101 has 
a matrix of red and green LEDs 1 01 a serving as dots. A 20 
scan circuit 102 sequentially scans the LEDs 101a. A 
data output circuit 1 03 drives the LEDs 1 01 a in synchro- 
nization with the scan timing of the scan circuit 102. A 
control unit 104 controls the scan circuit 102 and data 
output circuit 103, to selectively light the LEDs 101a. 25 

The control unit 104 receives, from the outside. 8-bit 
red display data RA to RH, 8-bit green display data GA 
to GH. clock signals CK1 and CK2, a reset signal RE, a 
select signal SE, a brightness signal BR, and an oscilla- 
tion pulse CSC. In response to a control signal from a 30 
switch 106, a dock selector 105 selects the clock signal 
CK1 to achieve a one-phase clock mode or the dock sig- 
nals CK1 and CK2 to achieve a two-phase dock mode. 
The output of the clock selector 1 05 is supplied to a data 
input control circuit 1 07. which is connected to a red and 3s 
a green display data RAM 108, 109. The data input con- 
trol drcuit 107 receives the red and green cfisplay data 
in synchronization with the clock signal CK1 and stores 
them in the respective RAMs 108 and 109 according to 
the select signal SE. The outputs of the RAMs 1 08 and 40 
109 are connected to red and green gradation control 
drcuits 1 10 and 111, which are connected to the data 
output circuit 103. 

The brightness signal BR adjusts a lighting time 
between pulses CKI^ and CK1n+i of the dock signal 45 
CK1, where n = 32 x a, a being an integer among 1 to 
32. A gradation time detector 1 12 receives the osdllation 
pulse OSC and calculates a gradation time by dividing 
the lighting time by 256. A surface brightness correction 
drcuit 113 operates according to the clock signal CK1 so 
and is controlled by an external switch 1 14 and an exter- 
nal brightness adjuster 115. Namely, the surface bright- 
ness con-ection drcuit 113 provides data for connecting 
the total brightness of the display panel 101 according 
to a value set through the brightness adjuster 115. The ss 
gradation control circuits 1 1 0 and 1 1 1 refer to the grada- 
tion time provided by the gradation time detector 1 1 2 and 
the data provided by the surface brightness correction 
drcuit 1 13 and controls the lighting time of each LED to 



display a color with one of 256 gradation levels acconding 
to the display data. The output of the clock selector 105 
is also connected to two-stage 4-bit counters 117 and 
1 18 connected in series. The outputs of the two-stage 4- 
bit counters 1 18 are connected to a decoder 1 19, which 
is connected to the scan circuit 102. The reset signal RE 
resets the clock selector 105. surface brightness con-ec- 
tion circuit 113, and two-stage 4-bit counters 117 and 
118. 

TTie characteristics of the LEDs 1 01 a differ from one 
another to cause brightness difference among them. To 
solve this problem, the prior art carries out selection work 
to equalize the characteristics of the LEDs 101a. This 
work increases the cost of a display device, in particular, 
a large-sized display panel comprising a plurality of the 
LED an-ays. 

SUMMARY OF THE INVENTION 

To solve these problems, an object of the present 
invention is to provide a dot-matrix LED display device 
capable of realizing uniform brightness among LEDs and 
a method of adjusting the brightness of the display 
device. Another object of the present invention is to pro- 
vide a dot-matrix LED display device having a simple 
structure capable of realizing uniform brightness among 
LEDs. 

To achieve the objects, the present invention pro- 
vides a dot-matrix LED display device shown in Fig. 2. 
The display device has an LED array 1 containing a 
matrix of LEDs; a matrix driver unit induding a scan cir- 
cuit 2 for driving tiie LEDs and a data output circuit 3; 
and a control unit 4 for controlling the matrix driver unit. 
What is characteristic to this display device is a bright- 
ness correction circuit 60 having a data storage unit for 
storing brightness-con-ected data for each of the LEDs. 
to minimize brightness difference among the LEDs. The 
display device selects tiie brightness-corrected data 
according to externally provided display data RA to RH 
and GA to GH and determines the lighting time of each 
LED according to the selected brightness-corrected 
data, to thereby minimize brightness difference among 
tiie LEDs due to fluctuations in ttie characteristics of the 
LEDs. 

- Figure 3 shows the details of the brightness con-ec- 
tion circuit 60. A ROM 69 stores tiie brightness-corrected 
data prepared for each of tine LEDs to minimize bright- 
ness difference among ttie LEDs. A RAM 71 holds part 
of the brightness-con-ected data of tiie ROM 69. When 
no display data is transferred from the outside, part of 
tiie brightness-corrected data is transferred from the 
ROM 69 to tiie RAM 71 . When display data is externally 
provided, tiie brightness-corrected data in the RAM 71 
is selected according to the display data, to drive ttie 
LEDs. Figure 7 is a time chart showing the operation of 
the brightness correction circuit 60, and Fig. 8 is a time 
chart showing the operation of the display device driven 
according to the brightness-corrected data. The data in 
the RAM is periodically refreshed, and the lighting time 
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of each LED is correctly determined according to the 
brightness-corrected data in the RAM, which operates at 
a high speed. This display device eliminates the work of 
selecting LEDs and Is capable of minimizing brightness 
difference among LEDs at low cost and improving a dis- 
playing quality. 

Other and further objects and features of the present 
invention will become obvious upon an understanding of 
the illustrative embodiments about to be described in 
connection with the accompanying drawings or will be 
indicated in the appended claims, and various advan- 
tages not refen-ed to herein will occur to one skilled in 
the art upon enploying of the invention in practice. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a dot-matrix LED 
display device according to a prior art; 
Fig. 2 is a block diagram showing a dot-matrix LED 
display device according to an emtxxiiment of the 
present invention; 

Fig. 3 is a block diagram showing a brightness cor- 
rection circuit 60 of the display device of Fig. 2, the 
circuit 60 being for blue LEDs and a brightness cor- 
rection circuit for red LEDs being not shown for the 
sake of simplicity of the drawing; 
Fig. 4 shows a format of data stored in a ROM 64 
and RAM 67 of the circuit of Fig. 3; 
Fig. 5 shows the details of a display panel 1 of the 
display device of Fig. 2; 

Fig. 6 shows a data output circuit 3 and scan circuit 

2 of the display device of Fig. 2; 

Fig. 7 is a time chart explaining the operation of the 

brightness correction circuit of Fig. 3; 

Fig. 8 is a time chart explaining the operation of the 

display device of Fig. 2; and 

Fig. 9 is a time chart explaining the operation of the 

display device under a two-phase clock mode. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

Various embodiments of the present invention will 
be described with reference to the accompanying draw- 
ings. It is to be noted that the same or similar reference 
numerals are applied to the same or similar parts and 
elements throughout the drawings, and the description 
of the same or similar parts and elements will be omitted 
or sinnplffied. 

Figure 2 is a block diagram showing a dot-matrix 
LED display device employing red and green LEDs 
according to an emtKxJiment of the present invention. 
The display device has a main circuit 50 and a brightness 
correction circuit 60 connected to an input end of the 
main circuit 50. The brightness correction circuit 60 cor- 
rects the brightness of each of the LEDs that form a dis- 
play panel 1 of the main circuit 50. The LED array 1 has 
a matrix of, for example, 32 x 32 of red and green LEDs 
la. The main circuit 50 also has a matrix driver unit and 
a control unit 4 for controlling the matrix driver unit to 



selectively light the red and green LEDs la. The matrix 
driver unit has a scan circuit 2 for sequentially scanning 
the LEDs la, and a data output circuit 3 for driving the 
LEDs 1a in synchronization with the scan timing of the 
5 scan circuit 2. 

The control unit 4 has input terminals 4a for bright- 
ness-corrected 8-bit red data BRA to BRH, input termi- 
nals 4b for brightness-corrected 8-bit green data BGA to 
BGH, input terminals 4c for clock signals CK1 and CK2. 

10 an input terminal 4d for a reset signal RE, an Input ter- 
minal 4e for a select signal BE, an input terminal 4f for a 
brightness signal BR, and an input terminal 4g for an 
oscillation pulse OSC. These input terminals 4a to 4g are 
connected to an output end of the brightness correction 

75 circuit 60. The input terminals 4c for the clock signals 
CK1 and CK2 are connected to a clock selector 5. In 
response to a control signal from a switch 6, the clock 
selector 5 selects the clock signal CK1 to achieve a one- 
phase clock mode or the clock signals CK1 and CK2 to 

20 achieve a two-phase clock mode. In the following expla- 
nation, the one-phase clock mode is mainly described, 
and the two-phase clock mode is briefly described lastly. 

Figures 7 and 8 show the operation of the display 
device. The clock signal CK1 provides pulse groups each 

25 containing 32 pulses. An interval between the last pulse 
of a given pulse group and the first pulse of the next pulse 
group defines a lighting time. Each scanning operation 
covers 16 LEDs. The timing charts of Figs. 7 and 8 will 
be explained later in detail. Returning to Fig. 2, the LED 

30 array 1 is divided into an upper screen and a lower 
screen. The upper saeen includes the first to 16th rows 
of the LED matrix, and the lower screen includes the 1 7th 
to 32nd rows thereof. The rows of LEDs are scanned one 
after another in each of the upper and lower screens. 

35 Each scanning operation is carried out on 16 LEDs, i.e., 
every LED in each row is scanned in synchronization 
with the clock signal OKI . This means that each row of 
the LED array 1 is lighted once per 16 scanning opera- 
tions, i.e., at a duty factor of 1/16. A row x (x being one 

40 of 1 to 1 6) in the display panel 1 is lighted between pulses 
n and n+1 of the clock signal CK1. in which n is 
expressed as follows: 

n = 32x(16xa + x) 

45 

where a is one of 0 to "N - 1" and N is the number of 
scanning operations necessary for refreshing the LED 
array 1 once. As shown in Fig. 8, a displaying operation 
is carried out between pulses n and n+1 of the clock sig- 
50 nal OKI. Namely, a displaying operation is carried out 
between pulses 32 and 33, between pulses 64 and 65, 
.... and between pulses 992 and 993 of the dock signal 
GK1. 

The output of the clock selector 5 is connected to a 
55 data input control circuit 7, which is connected to bright- 
ness-corrected red and green data RAMs 8 and 9. The 
data input control circuit 7 is connected to the brightness 
data input terminals 4a and 4b and select signal input 
terminal 4e. The data input control circuit 7 receives 
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brightness-corrected red and green data in synchroniza- 
tion with the clock signal CK1 , and provides the RAMs 8 
and 9 with the respective brightness-conrected data 
when the select signal SE is at high level H. The outputs 
of the RAMs 8 and 9 are connected to gradation control 5 
circuits 1 0 and 11 , which are connected to the data out- 
put circuit 3. 

The brightness signal input tenminal 4f and oscilla- 
tion pulse input terminal 4g are connected to a gradation 
time detector 12. The brightness signal BR is used to 10 
further adjust a lighting time between pulses n and n+1 
of the clock signal CK1. The gradation time detector 12 
receives the oscillation pulse OSC. divides the lighting 
time by 256 according to the brightness signal » and cal- 
culates a gradation time. An external switch 14 and 15 
brightness adjuster 15 are used to control a surface 
brightness correction circuit 13. According to a value set 
through the brightness adjuster 15, the surface bright- 
ness con-ection circuit 13 provides data to correct the 
total brightness of the LED anray 1 . The gradation control 20 
circuits 10 and 1 1 refer to the gradation time from the 
gradation time detector 1 2 and the data from the surface 
brightness correction circuit 13. to control the lighting 
time of each LED so that the LED may display one of 256 
gradation levels according to the brightness-conected 25 
data. 

The output of the clock selector 5 is connected to a 
two-stage 4-bit counter 1 7 and a two-stage 4-bit counter 
18 connected in series. The outputs of the two-stage 4- 
twt counter 1 8 are connected to a two-stage decoder 19, 30 
which is connected to the scan circuit 2. The reset signal 
input terminal 4d is connected to the clock selector 5. 
surface brightness con-ection circuit 13, and 4-bit 
counters 1 7 and 1 8 so that the reset signal RE may reset 
these circuits. The control unit 4 has a power source ter- 35 
minal Vcci and a ground terminal GND1, and a matrix 
driver unit has a power source terminal \/cc2 and a 
ground terminal GND2. 

Figure 3 is a block diagram showing the details of 
the brightness correction circuit 60. This circuit is for red 40 
LEDs. For the sake of simplicity of explanation, a bright- 
ness con-ection circuit for green LEDs is omitted. Accord- 
ingly, the circuit 60 of Fig. 3 receives only external red 
display data RA to RH. The brightness conection circuit 
„60.has a counter 61 for counting the number of. the oscil^ 45 
lation pulses OSC, a counter 62 for counting the reset 
signals RE, and a counter 63 for counting pulses of the 
dock signal CK1 . The counters 61 and 62 are connected 
to selectors 64 and 65, respectively. The selector 64 
selects the output of the counter 61 or the oscillation so 
pulse OSC according to the select signal SE. The selec- 
tor 65 selects the output of the counter 62 or the reset 
signal RE according to the select signal SE. The output 
of the selector 64 is connected to the counter 66, and the 
output of the selector 65 is supplied as a reset signal to 55 
the counter 66. The output of the counter 66 is supplied 
to an Input terminal of an address selector 67, and as an 
address of the ROM 69 to store brightness-corrected 
data, to the buffer 68. 



Ten-bit output data of the counter 63 and the external 
8-bit gradation data, i.e., red display data RA to RH are 
supplied to the other input terminal of the address selec- 
tor 67. The output of the address selector 67 is supplied 
as an address of a RAM 71 to a buffer 70. The output of 
the selector 64 is supplied to the buffer 68 and a clock 
selector 72. If the output of the selector 64 is selected by 
the clock selector 72, it will be an enable signal EB to the 
buffer 70. The dock selector 72 also receives the clock 
signal CK1. If the clock signal OKI is selected by the 
dock selector 72, it will be an enable signal EB to the 
buffer 70. 

The select signal SE controls the data output of the 
counters 66 and 63. the selection operation of the 
address selector 67, the selection operation of the clock 
selector 72, the read (R)/write (W) operation of the RAM 
71 , and the read operation of the ROM 69. A read termi- 
nal of the RAM 71 receives the select signal SE through 
an inverter 73. The counter 63 is reset by the select sig- 
nal SE. The output side of the ROM 69 is connected to 
the input/output side of the RAM 71 . The brightness-cor- 
rected data from the RAM71 is sentto the input terminals 
4a of the main circuit 50 through an output buffer 74. The 
dock signal CKl is passed through a buffer 75 and the 
output buffer 74 and is supplied to the input terminal 4c 
of the main circuit 50. The reset signal RE, select signal 
SE, brightness signal BR, and oscillation pulse OSC are 
supplied to the input terminals 4d, 4e, 4f. and 4g. respec- 
tively, through the output buffer 74. 

Rgure 4 shows a format of data stored in the ROM 
69 and RAM 71 . The ROM 69 stores the brightness-cor- 
rected data of each LED at a con^esponding address. 
The address of each LED is 1 0-bit data (= 32 x 32 LEDs), 
and the brightness (gradation) data of each LED is 8-bit 
data, as shown in Fig. 4. According to this embodiment, 
the ROM 69 and RAM 71 employing the format of Fig. 4 
are required for each of red and green LED groups. 

Rgure 5 shows the detail of the LED an-ay 1 of Rg. 
2. The display panel 1 has a matrix of 32 data lines si 
to s32 and 32 scan lines pi to p32 with the LEDs 1 a being 
connected to the intersections of the data and scan lines. 
Two sets (not shown) of the matrix of 32 data lines and 
32 scan lines of Fig. 5 are arranged for the red and green 
LED groups, respectively. 

Rgure 6A shows a unit structure of the data output 
drcuit 3 and Fig. 6B shows a unit structure of the scan 
drcuit 2 of Fig. 2. The unit data output circuit 3 of Rg. 6A 
has an input inverter 31, two bipolar transistors 32 and 

33, and resistors 34. 35, and 36. This unit structure is for 
one data line. Namely, there are 32 unit structures for the 
32 data lines. When an input terminal 30 receives display 
data of low level, the output of the inverter 31 supplies a 
base current to the N PN transistor 32 through the resistor 

34, to turn ON the NPN transistor 32. As a result, a cur- 
rent from a power source flows through the resistors 36 
and 35 and NPN transistor 32, to turn ON the PNP tran- 
sistor 33. Then, an output terminal 37 connected to, for 
example, the data line si of the LED array 1 becomes 
high level, to activate the data line si . 



4 



7 



EP0 702 347 A1 



8 



The unit scan circuit 2 of Fig. 6B has two bipolar tran- 
sistors 41 and 42 and two resistors 43 and 44. This unit 
structure is for one scan tine. Namely, there are 32 unit 
structures for the 32 scan lines. When an input terminal 
40 receives a signal of high level, a base current is sup- 5 
plied to the NPN transistor 41 through the resistor 43. to 
turn ON the NPN transistor 41 . As a result, a cunent from 
a power source flows through the resistor 44 and NPN 
transistor 41 to the base of the NPN transistor 42, to turn 
ON the NPN transistor 42. then, an output terminal 45 w 
connected to, for example, the scan line p1 of the LED 
array 1 becomes low level, to activate the scan line p1 . 
Consequently, the LED la connected to the data line s1 
and scan line pi emits light. 

The operation of the dot-matrix LED display device is 
and a method of adjusting the brightness of the same 
will be explained with reference to the time charts of Figs. 
7 and 8. The brightness of each LED of the LED array 1 
is measured by a brightness measurement device, and 
according to the measured brightness, brightness-cor- 20 
rected data to minimize brightness difference among 
LEDs is prepared for every LED of the LED array 1. The 
prepared brightness-corrected data is stored in the ROM 
69 in the format of Fig. 4. 

The operation of the brightness correction circuit 60 25 
will be explained with reference to the time chart of Fig. 7. 

The dock signal CK1 according to the embodiment 
intermittently provides 32 pulse groups each containing 
32 pulses. Namely, the clock signal OKI repeatedly pro- 
vides 1024 (= 32 X 32) pulses. When the select signal 30 
SE is being at low level up to time t1 . the address selector 
67 selects the counter 66, the clock selector 72 selects 
the output of the selector 64, the RAM 71 is put in a write 
mode, and the counter 66 and ROM 69 are enabled. As 
a result, the output of the counter 66 is supplied as an 35 
address of the ROM 69 to the buffer 68. to transfer cor- 
responding brightness-corrected data from the ROM 69 
to the RAM 71 . When the select signal SE becomes high 
level after the time t1, the counter 66 is stopped, the 
address selector 67 selects the counter 63 and display 40 
data RA to RH, the clock selector 72 selects the clock 
signal CK1 . and the RAM 71 is put in a read mode. As a 
result, the brightness-corrected data stored in the RAM 
71 addressed by the 18-bit output data of the address 
selector 67 is sent to the input termirials 4a of the main 45 
circuit 50 in synchronization with the clock signal OKI. 
This operation is continued up to time t2 up to which the 
select signal SE is kept at high level. 

Figure 8 shows the displaying operation of the main 
circuit 50 while the select signal SE is being at high level, so 
The brightness-corrected data BRA to BRH and BGA to 
BGH are supplied to the input terminals 4a and 4b of the 
main circuit 50. A pulse of the reset signal RE is supplied 
at time t1 1 . and the select signal SE and brightness sig- 
nal BR successively become high level at time tl2 and ss 
t1 3. At time t1 4, a first pulse of a first pulse group of the 
clock signal CK1 rises. In synchronization with 32 pulses 
of the first pulse group of the dock signal CK1, bright- 
ness-corrected data SI for 32 LEDs in the first row of the 



display panel 1 is stored in the RAMs 8 and 9 through 
the data input control drcuit 7. While the brightness sig- 
nal BR is being at high level from time t13 to t15. the 
displaying operation is OFF 

Thereafter, the brightness signal BR is kept at low 
level from time t15 to t16 during which the brightness- 
corrected data Si stored this scanning operation is read 
for 1 6 LEDs in the first row of the LED array 1 , and bright- 
ness-corrected data Si 7 stored at the previous scanning 
operation is read for 16 LEDs in the 1 7th row of the LED 
an-ay 1 . out of the RAMs 8 and 9. The read data are sup- 
plied to the gradation control circuits 10 and 1 1 . The gra- 
dation control circuits 10 and 11 determine the lighting 
time of each of these LEDs in the first and 17th rows 
according to the read brightness-conrected data S1 and 
Si 7. a gradation time divided by 256 provided by the gra- 
dation time detector 1 2, and data from the surface bright- 
ness correction circuit 13. Then, these LEDs are lighted 
at specified gradation levels. 

During a period between time t1 6 and 1 1 7. the same 
process as that in the period between time t14 and t15 
is canied out, and brightness-corrected data S2 for the 
second row of the LED array 1 is read. In the next period 
up to time t18, the brightness-corrected data S2 for the 
second row and brightness-corrected data SI 8 for the 
1 8th row are used to display each 1 6 LEDs in the second 
and 1 8th rows, similar to the period between time t1 5 and 
t16. In this way. brightness-corrected data S3 to S32 for 
the third to 32nd rows are read, and each 1 6 LEDs of the 
upper and lower saeens of the display panel 1 are 
lighted. 

To transfer the brightness-con-ected data from the 
ROM 69 to the RAM 71 , 2^8 pulses of the dock signal 
OKI are needed. In this case, 2^ 8 js nearly equal to 262*^. 
If a standard VGA (Video Graphic Adaptor) mode (640 x 
480 dots) for a CRT is employed for the dot-matrix LED 
display device of this embodiment, the frequency of the 
dock signal OKI will be about 25 MHz. According to the 
VGA mode, the number of dot clock pulses between 
pulses of a horizontal synchronous signal is 800, and the 
number of pulses of the horizontal synchronous signal 
between pulses of a vertical synchronous signal is 525. 
Accordingly, if the frequency of the osdilation pulse OSC 
is about 10 MHz, the following expression is made: 

800x525 = 420000 = 420" 

Since one screen involves 420*^ pulses, the brightness- 
corrected data in the RAM may be refreshed once per 
two frames. If the frequency of the osdilation pulse OSC 
is equal to the frequency of the clock signal OKI , the data 
in the RAM may be refreshed every screen. 

In this way, the embodiment of the present invention 
provides brightness-corrected data from the RAM while 
theselect signal SE being at high level. Namely, the RAM 
provides corresponding brightness-corrected data 
according to an address of display data, and the LEDs 
on the LED array are driven according to the brightness- 
corrected data. The lighting time of each LED on the LED 
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array is determined according to the brightness-cor- 
rected data that is specified by the address of the LED. 
Even If there is brightness difference among LEDs of an 
LED array due to fluctuations in the characteristics of the 
LEDs, the present invention prepares brightness-cor- 5 
rected data for the LEDs to minimize the brightness dif- 
ferences. The brightness-corrected data is read 
according to externally provided display data. With this 
arrangement, the display device will be of low cost and 
high quality. ,0 

The present invention is not limited to the embodi- 
ment mentioned above. Various modifications are pos- 
sible over the embodiment. For example, instead of red 
and green LEDs, red, green, and blue LEDs may be 
employed to display a full-color image on the display is 
device. The full-color display device comprises matrixes 
of AIGaAs red LEDs, GaP or InGaAlP green LEDs, GaN 
or ZnSe blue LEDs. The main circuit 50 shown in Fig. 2 
may have a matrix driver unit and a control unit 4 for 
selectively light the red, green and blue LEDs. The con- 20 
trol unit 4 shown in Fig. 2 may have input terminals for 
brightness-conected 8-bit red data BRA to BRH, input 
terminals 4b for brightness-corrected 8-brt green data 
BGA to BGH, and input terminals 4z for brightness-cor- 
rected 8-brt blue data BBA to BBH. And the full-color dis- 25 
play device include the brightness correction circuits 60 
for red, green and blue LEDs. As to Fig. 5, three sets of 
the matrix are arranged for the red, green and blue LED 
groups, respectively- And the brightness-corrected data 
BRAtoBRH, BGA to BGH and BBA to BBH are supplied 30 
to the input terminals of the main circuit 50 shown in Fig. 
2. The brightness-corrected red, green and blue data are 
stored in the RAM 71 of Fig. 3 and transfen-ed to the 
RAMs 8 and 9. 

In the above embodiment, brightness-corrected 35 
data is stored in the RAM 71 of Fig. 3 firstly, and when 
the select signal SE is at high level, the brightness-cor- 
rected data is transfen-ed from the RAM 71 to the RAMs 
8 and 9 of Fig. 2. Instead, the RAM 71 may hold display 
data, which is always provided as an address for the 40 
RAMs 8 and 9, which store the brightness-corrected 
data. 

The brightness-corrected data may be converted 
into an analog voltage, which is supplied to the input ter- 
minal J30_of the data output circuit 3 to drive the LEDs. 45 

The above explanation has been made for the one- 
phase clock mode. The two-phase clock mode will be 
carried out similarly according to a time chart shown in 
Fig. 9. By the two-phase clock mode, the faster scanning 
operation is possible than the one-phase clock mode, so 
The one-phase clock mode and two-phase clock mode 
are switched from one to another by providing the clock 
selector 5 of Fig. 2 with a control signal from the switch 6. 

Claims 55 

1. An LED displaydevice comprising an LEDarray with 
a dot matrix of LEDs, a matrix driver unit for driving 
the LEDs, a control unit for controlling the matrix 



driver unit, and a brightness conrection circuit having 
a data storage unit for storing brightness-corrected 
data for each of the LEDs to minimize brightness dif- 
ference among the LEDs, 

wherein the brightness-corrected data is 
selected according to externally provided display 
data, to drive the control unit. 

2. A device as claimed in claim 1, in which said LED 
array includes dot matrixes of red. green and blue 
LEDs, and said brightness conection circuit includes 
circuits for the red, green and blue LEDs. so that 
brightness-corrected red, green and blue data Is 
selected to drive the control unit, 

3. An LED display device comprising: 

(a) an LED array with a dot matrix of LEDs; 

(b) a matrix driver unit for driving the LEDs; 

(c) a control unit for controlling the matrix driver 
unit; 

(d) a ROM for storing brightness-corrected data 
prepared according to the characteristic bright- 
ness of each of the LEDs to minimize brightness 
difference among the LEDs; and 

(e) a RAM connected to said ROM and the con- 
trol unit, for storing the brightness-corrected 
data held in said ROM, 

wherein the brightness-corrected data is 
transferred from said ROM to said RAM when 
no display data is externally provkJed, and the 
brightness-corrected data stored in said RAM is 
selected according to externally provided dis- 
play data, to drive the control unit. 

4. A device as claimed in claim 3, in which said LED 
array includes dot matrixes of red, green and l>lue 
LEDs, so that brightness-conected red, green and 
blue data are transferred from sakJ ROM to sad 
RAM. 

5. An LED display device comprising: 

(a) an LED array with a dot matrix of LEDs; 

(b) a matrix driver unit for driving the LEDs; 

(c) a control unit having a first RAM for holding 
data to drive the LEDs. to control the matrix 
driver unit according to the data In the first RAM; 

(d) a ROM for storing brightness-corrected data 
prepared according to the characteristic bright- 
ness of each of the LEDs to minimize brightness 
difference among the LEDs; and 

(e) a second RAM connected to said ROM and 
the control unit, addressed according to exter- 
nally provided display data to provide output 
data. 

wherein the brightness-corrected data is 
transferred from said ROM to said second RAM 
when no display data is externally provided, and 
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the first RAM stores the transferred brightness- 
corrected data to drive the LEDs. 

6. A device as claimed in claim 1 , 3 or 5, in which the 
display data is gradation data represented with a plu- s 
rality of bits. 

7. A device as claimed in claim 1, 3 or 5, in which the 
control unit has a gradation time detection circuit and 
a surface brightness correction circuit, and the light- 
ing time of each of the LEDs is determined according 
to a gradation time calculated by the gradation time 
detection circuit, data provided by the surface bright- 
ness correction circuit, and the brightness-corrected 
data. 

8. A device as claimed in claim 5, in which said LED 
array Includes dot matrixes of red, green and blue 
LEDs. so that brightness-corrected red, green and 
blue data are transferred from said ROM to said sec- 20 
ond RAM, and said first RAM stores the brightness- 
corrected red. green and blue data to drive the LEDs. 

9. A brightness control method for an LED display 
device having an LED array with a dot matrix of 25 
LEDs, a matrix driver unit for driving the LEDs, a con- 
trol unit for controlling the matrix driver unit, and a 
data storage unit, which comprises: 

(a) preparing brightness-corrected data accord- 
ing to the characteristic brightness of each of 
the LEDs to minimize brightness difference 
among the LEDs; 

(b) storing the brightness-corrected data in a 
data storage unit; and 

(c) selecting the brightness-corrected data 
stored in the data storage unit according to 
externally provided display data, and driving the 
LEDs according to the selected brightness-cor- 
rected data. 

10. A method as claimed in daim 9. in which said LED 
array includes dot matrixes of red. green and blue 
LEDs. so that brightness-corrected red, green and 
blue data are prepared, stored and selectal. 4s 
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